Differences in the developmental origin and relative proportions of biochemically distinct classes of cortical neurons have been found between rodents and primates. In addition, species differences in the properties of certain cell types, such as neurogliaform cells, have also been reported.
Introduction
The existence of a microcircuit template that is conserved across different species and different neocortical regions has been widely discussed (Douglas and Martin 2004; Nelson et al. 2006; Silberberg et al. 2002) . The idea of a canonical cortical circuit, however, has been challenged by recent evidence of interspecies differences in the inhibitory component of neocortical circuitry. For example, interneurons constitute a considerably larger proportion of cortical neurons in primates (25-34%) than in rodents (15-25%) (Beaulieu 1993; DeFelipe et al. 2002; Gabbot et al. 1997; Gabbott and Bacon 1996; Gonchar and Burkhalter 1997; Meinecke and Peters 1987) . In addition, the proportions of chemically-defined subpopulations of neocortical interneurons might differ between rodents and primates. Thus, cells immunoreactive for the Ca-binding protein parvalbumin (PV) seem to predominate in rodent neocortex, but constitute a much smaller proportion of interneurons in primates (Conde et al. 1994; Desgent et al. 2005; Gabbott et al. 1997; Gabbott and Bacon 1996; Glezer et al. 1998; Gonchar and Burkhalter 1997; Kubota et al. 1994) ; although whether these differences represent species differences in specific subtypes of interneurons or only differences in relative levels of Ca-binding protein expression remains to be determined. Furthermore, the frequency of co-localization of neurochemical markers in the same cell is lower in monkeys than in rodents (Conde et al. 1994; Kawaguchi and Kubota 1997; Xu et al. 2006; Zaitsev et al. 2005) , although a relatively small overlap of neurochemical markers was reported in rat visual cortex (Gonchar and Burkhalter 1997) . Also, interneurons in primates and rodents might differ in their anatomical site of origin. In rodents, most neocortical GABA cells originate in the subcortical ganglionic eminence of the telencephalon (Butt et al. 2005; Xu et al. 2004) , whereas in humans, as well as in non-human primates, GABAergic neuronal progenitors were found not only in the ganglionic eminence, but also in the cortical subventricular zone (Letinic et al. 2002; Petanjek et al. 2008 ). Electrophysiological differences between interneurons of monkey and rat PFC were first suggested (Krimer et al. 2005 ) and then explicitly shown for neurogliaform (NGF) cells (Povysheva et al. 2007 ). NGF cells in monkey PFC appear to be more excitable than those in rat PFC, as they have higher input resistance, lower firing threshold and higher firing frequency. Monkey NGF cells fired without a pronounced delay at threshold and, thus, do not seem to have the 'late spiking' phenotype described for rat NGF cells (Kawaguchi 1995) .
PV-positive cells in both monkey and rat prefrontal cortex (PFC) have been identified morphologically as basket or chandelier cells (Conde et al. 1994; Gabbot et al. 1997) . These interneurons innervate the soma and proximal dendrites or the axon initial segment of pyramidal 4 cells, respectively (Somogyi et al. 1998) . Physiologically, in both species PV-positive cells are characterized by brief action potentials and lack of spike adaptation -characteristic features of the 'fast-spiking (FS) phenotype'. And, vice versa, cells identified as fast-spiking usually express PV (Kawaguchi and Kubota 1997; Toledo-Rodriguez et al. 2004; Zaitsev et al. 2005) .
In single unit recordings in vivo in the PFC, FS units play an important role in working memory (WM) function in monkey since they are spatially tuned during visual WM tasks (Rao 1999) . In addition, they contribute to sharpening the tuning of pyramidal cells during WM in modeling studies (Tanaka 1999; Wang et al. 2004) , and GABA A receptor blockade in the PFC produces an expansion of the receptive fields of FS units (Rao et al. 2000) . Importantly, the firing frequency of FS units, putative FS interneurons, in monkey PFC during the delay period of oculomotor delayed response task is 40-60 Hz (Wilson et al. 1994) which is considerably higher than in prefrontal FS units of rats performing a figure-eight maze delayed spatial alternation task (about 12Hz; Jung et al. 1998 ). The differences in the spiking behavior of putative FS interneurons between monkey and rat PFC might be related to the differences in their intrinsic membrane properties.
Our recent physiological studies of interneurons in monkey and rat PFC (Krimer et al. 2005; Povysheva et al. 2006) suggested that PV-positive basket cells in primates might differ from those in rats. However, a definitive interspecies comparison was not possible in those studies because of significant differences in the developmental stages of rats (prepubertal) and monkeys (young adults) that were studied. Here, we directly compared morphological and physiological properties of PVpositive basket cells in adult monkey and adult rat PFC. We report that monkey basket cells are more excitable and also fire a first spike with less delay than rat basket cells. In monkeys, these cells have fewer quiescent periods at near suprathreshold current intensities, and accordingly generate more spikes at a near-threshold current level. Finally, the frequency of mEPSPs is considerably higher in rat than in monkey basket cells and positively correlates with the rheobase current, indicating a possible important association between membrane and synaptic properties in basket cells. These differences in subthreshold and suprathreshold membrane properties of PV-positive basket cells in rats and monkeys could serve as a basis for the different patterns of activation of FS units reported previously in animals performing WM tasks (Constantinidis and Goldman-Rakic 2002; Jung et al. 1998; Wilson et al. 1984) .
Methods
Brain slices were obtained from adult (56-135 days, 350-550 g; n=20) male Wistar rats and adult (3.5-6.0 kg; 4-5 yr old; n=15) male long-tailed macaque monkeys (Macaca fascicularis). Slices from the same monkeys were also used in the other studies (Krimer et al. 2005; Povysheva et al. 2006; Zaitsev et al. 2005) . All animals were treated in accordance with the guidelines outlined in the National Institutes of Health Guide for the Care and Use of Laboratory Animals, and approved by the University of Pittsburgh Institutional Animal Care and Use Committee. Rats were deeply anesthetized with halothane and decapitated. The brain was quickly removed and immersed in icecold pre-oxygenated artificial cerebrospinal fluid (ACSF). Tissue block containing the prelimbic cortex in rats (Paxinos and Watson 1998) was excised for slicing. The protocol employed to obtain tissue blocks from monkey PFC has previously been described (Gonzalez-Burgos et al. 2000) .
Coronal slices (350 µm thick) were cut with a vibratome (Leica VT1000S, Leica, Germany). Slices were incubated at 37°C for 0.5-1 h and further stored at room temperature until transferred to a recording chamber perfused with ACSF at 31-32°C. The recording temperatures were identical for both species. Through all steps of the experiments, ACSF of the following composition was used (in mM): 126 NaCl, 2.5 KCl, 1.25 NaH 2 PO 4 , 1 MgSO 4 , 2 CaCl 2 , 24 NaHCO 3 , 10-20 dextrose. ACSF was perfused with 95% O 2 /5% CO 2 gas mixture.
Electrophysiological recordings
Whole-cell voltage recordings were made from layer 2-3 neurons visualized by IR-DIC videomicroscopy using a Zeiss Axioskop 2 FS microscope, equipped with a 40x water immersion objective and a Dage-MTI NC-70 video camera (Dage-MTI Television, Michigan City, IN).
Interneurons were identified based on their round or oval cell body and lack of apical dendrite. 
Electrophysiological data analysis
To characterize the membrane properties of neurons, hyper-and depolarizing current steps were applied for 500 ms in 5-10 pA increments at 0.5 Hz. Input resistance was measured from the slope of a linear regression fit to the voltage-current relation in a hyperpolarizing range. The membrane time constant was determined by single-exponential fitting to the on-phase of the average voltage responses to the initial (5-15 pA) hyperpolarizing current steps, which presumably are less affected by voltage-dependent membrane conductances. All action potential measures were taken from the first action potential of the first evoked sweep that reached the spike threshold (level of voltage deflection exceeding 10 mV/1ms). Peak amplitude of the action potential was measured from the action potential threshold. The spike rise time was measured as the time taken to rise from 10 to 90% of the peak amplitude. The spike decay time was measured as the time taken to decay from 10 to 90% of the amplitude between peak and spike threshold. Duration of the action potential was measured at its half amplitude. Depolarizing sag was estimated as the difference between the most negative membrane potential during a 500 ms hyperpolarizing current step and the membrane potential at the end of the step as percent relative to the voltage deflection from the RMP at the end of the step.
Hump was estimated at the depolarizing current step that preceded spiking as the difference between the most positive membrane potential and the membrane potential at the end of the step as percent relative to the voltage deflection from the RMP at the end of the step. Adaptation ratio (AR) coefficient was used to describe spike frequency adaptation in spike trains. First, the ratio between 7 the first and the last interspike interval was calculated for each stimulation current intensity.
Then, the AR coefficient was estimated from the linear regression of AR versus current at 60 pA above threshold. The coefficient of variation of interspike intervals was measured within the last 350 ms of the response to depolarizing current pulses at the level of 20 pA above spike threshold.
Basket cells were identified as FS based on the results of the previously performed cluster analysis, ANOVA and Fisher LSD post hoc test (Krimer et al. 2005) . The parameters with the most discriminative values, action potential duration (APD; average value 0.37±0.09) and AR (average value 0.82±0.21), were used as criteria for FS interneurons: APD-1.5SDs as the high limit and AR coefficient + SD as the low limit. Accordingly, only basket cells with the spike half-duration less than 0.51 ms and AR coefficient more than 0.61 were included in the analysis. The aforementioned criteria correspond to those previously used in the neocortex of young rats (Kawaguchi 1995), and adult rats (Thomson et al. 1996) .
Miniature events were analyzed using MiniAnalysis (Synaptosoft, Decatur, GA). Peak events were first detected automatically using an amplitude threshold of 2 times the average RMS noise, which was about 0.3 mV for mEPSPs. After automatic analysis, events were rechecked by visual inspection of the traces and were accepted for analysis if they had a monophasic rising phase and decayed to baseline in an exponential manner. Approximately 100-300 events in each cell were included in the analysis. Amplitudes of miniature responses were determined from baseline to peak.
The time constants of single exponential fits were used to describe the decay time. The rise time was estimated as the time necessary to rise between 10 and 90% of the peak response.
Morphological data analysis
To identify cell morphology after the electrophysiological experiments, neurons were filled with biocytin (0.5%) added to the internal solution. After recordings, slices were immersed in 4% paraformaldehyde in 0.1 M phosphate-buffered saline (PBS) and then were kept in storing solution (33% glycerol, 33% ethylene glycol, in 0.1 M PBS) at -80°C. PV immunoreactivity (and calretinin and/or calbindin in some cells) in a sample of FS interneurons from monkey (n=21) and rat (n=14) PFC was detected by an indirect immunofluorescence technique as previously described (Zaitsev et al. 2005) . Briefly, slices were incubated for 24-48 hours at 4°C in blocking serum (10% normal goat serum; 2% bovine serum albumin; 0.4% Triton X-100 in PB) containing streptavidin-Alexa Fluor 633 conjugate (Invitrogen, dilution 1:500). After this, cells were confocally reconstructed for morphological identification. Next, slices were serially re-sectioned at 40-50 µm and then incubated in a mixture of antibodies against two of the three calcium-binding proteins: PV (Sigma, or Swant; 
Statistical analysis
Two-tailed t-tests were used for group comparisons in most of the cases. Pearson correlation coefficient was used to measure relation between mEPSPs frequency and the rheobase current.
Statistical significance of between-group differences for coefficient of variation of interspike interval and number of spikes measured at different depolarizing current steps was evaluated using repeated measures ANOVA and Fisher's post hoc test.
Unless otherwise noted values are presented as mean ± SD. Statistical tests were performed using Excel (Microsoft Corp., Redmond, WA) or Statistica 6.1 (Statsoft Inc., Tulsa, OK). 20 out of 39 basket cells and 23 out of 27 pyramidal cells from monkey dorsolateral PFC were reported in our previous publications (Krimer et al. 2005; Povysheva et al. 2006; Zaitsev et al. 2005) .
Results

Morphological properties of monkey and rat basket cells
Interneurons from monkey and rat PFC were classified as "basket" based on previously described morphological features (Jones and Hendry 1984; Kawaguchi 1995; Lund and Lewis 1993) . Because PV-positive basket cells are known to be FS in the neocortex of different species, only neurons with basket cell morphology and FS electrophysiological properties (based on short spike duration and firing without significant adaptation (see Methods)) were included in this study. Basket cell somata had a round or slightly vertical oval shape and were located in layers 2-3. The cells possessed smooth and multipolar dendrites (Fig. 1A,C) . The axon of the cells originated from the cell body or one of the primary dendrites. Axons spread either in all directions or predominantly horizontally, rarely extending into layers I or V. Therefore, the basket cell axonal tree occupied a significant volume, but still was mainly located within layers 2/3, the same cortical layers as the soma.
Since basket cells are known to have a great range of their axonal horizontal dimension, and are often viewed as a morphologically heterogeneous group of cells (see for example Lund and Lewis 1993), we evaluated the spatial distribution of their axonal trees in monkeys and rats. We found that the average axonal vertical and horizontal spans were comparable in both species (Table 1) .
Distributions of horizontal span did not significantly differ between species (Kolmogorov-Smirnov test, p>0.1; Fig. 1B ), indicating that basket cells from monkeys and rats were equally represented by smaller and larger cells.
Additional quantitative analysis was performed on the cells with fully reconstructed on the transmitted light microscope. Monkey basket cells had somata that were comparable with those from rats ( Table 1 ). The number of primary dendrites and the total dendritic length did not differ between species (Table 1, Fig. 1C ). Dendrites of both monkey and rat basket cells branched up to the 5 th order and had very similar branching patterns. Sholl analysis did not reveal any significant differences in dendritic distribution between monkey and rat basket cells (Fig. 1D ). The only features that differed between species were axonal length and number of axonal nodes, both of which were greater in rat basket cells than in monkeys (Table 1) .
PV immunoreactivity was identified in a subset of FS basket interneurons from monkey (14 of 21; 67%) and rat (11 of 14; 78%) PFC (Fig. 1E) . The reasons for the absence of PV-labeling in some cells could be wash-out of low-weight molecules, such as PV, from the cytosol during the whole-cell recording (Baimbridge et al. 1992) , as well as a general reduction in immunoreactivity in brain slices used in physiological experiments. None of the monkey cells (n= 9) that were also tested for calretinin and/or calbindin were immunoreactive for these proteins.
Comparison of the membrane properties of FS basket interneurons containing PV and those that did not undergo immunohistochemistry revealed that the membrane properties of PV-positive interneurons and the rest of the basket cells were similar in both species; the scatter plot of adaptation ratio (AR) coefficient versus spike duration (Fig. 1F) 
Subthreshold membrane properties of basket cells in adult rat and monkey
Whereas the resting membrane potential of basket cells was comparable in both species (Table 2) , most of the other subthreshold membrane properties appeared to be different. Input resistance was significantly larger in basket cells from monkey than from rat (Table 2 , Fig. 2A,B) , indicating their greater excitability. Hyperpolarizing current steps of the same strength generated larger voltage responses in basket cells from monkey than from rats. Accordingly, I-V curves obtained from the subthreshold responses to hyperpolarizing and depolarizing current pulses from monkey cells were much steeper than those from rat (Fig. 2B) . The time constant was also longer in monkey basket cells (Table 2) .
Spontaneous synaptic activity in vivo can directly affect a cell's input resistance (Steriade et al. 2001) , and therefore could potentially influence the observed differences between monkey and rat PFC basket cells. To assess the direct effects of spontaneous synaptic activity in our brain slice conditions, we recorded the responses to subthreshold hyperpolarizing current pulses after blocking excitatory and inhibitory synaptic transmission with gabazine (4.5-6 µM), CNQX (20 µM) and APV (50 µM). Blockade of spontaneous synaptic activity did not result in a significant change of input resistance in any of the species (rat: p=0.79, n=8; monkey: p=0.75, n=4, paired comparison) (Fig.   2C ). We therefore conclude that the difference in the input resistance observed between the two species can be attributed to the intrinsic membrane properties, but not to the shunting associated with the presence of synaptic conductances.
Although the current-voltage plot revealed time-independent inward rectification in both monkey and rat basket cells ( Fig. 2A,B) , the majority of monkey basket cells exhibited timedependent changes of responses to the hyperpolarizing current pulses. This characteristic depolarizing sag was estimated to be 19±9% with the stimulation current of -50 pA (n=32) in monkey basket cells. The majority (69%) of monkey basket cells exhibited sag which was equal or more than 15%. At the same level of stimulation current, we failed to observe any depolarizing sag in rat basket cells, and also with the increase of the stimulation current up to -100 pA (Fig. 2D ).
Depolarizing sag in monkey basket cells was blocked by bath application of Ih-channels blocker (Fig.   2E ). When subthreshold depolarizing current steps were applied, monkey basket cells generated voltage responses with an initial hump followed by a hyperpolarizing sag ( Fig. 2A) . We estimated the hump to be 29±10% (n=31) on the subthreshold sweeps preceding generation of action potential in monkey basket cells. The hump was not observed in rat basket cells.
Firing properties of basket cells in adult monkey and rat
Single spike properties
Single spikes of monkey and rat basket cells were comparable in some parameters, including spike amplitude and AHP amplitude ( Table 2 , Fig. 3A ). However, interspecies differences in other singlespike parameters were observed. Monkey basket neurons had a shorter spike duration than those in rats. A difference between species was observed in spike rise-time but not in decay time, indicating different activation properties or density of Na + channels in the two species.
The majority of basket cells from rat PFC demonstrated the delayed firing pattern with nearthreshold current intensities (Table 2 , Fig. 3A ). This delay of the first spike progressively shortened with the subsequently stronger current stimulation. At the same time, monkey basket cells generated a first spike with a considerably shorter delay at all ranges of stimulating current (Fig. 3A, 4A ).
Action potential threshold was considerably lower in basket cells from monkeys than from rats (Table 2 , Fig. 3B ), which could be associated with the higher Rin in monkey basket cells (Prescott et al. 2006; Segev and London 1999) , as well as with the other mechanisms and, again, could be indicative of greater excitability of monkey basket cells.
Notably, the first spike that we used for the measurements of the voltage threshold was significantly more delayed in rat than in monkey basket cells. Delayed first spike is known to be associated with the activation of low-threshold K + channels (Banks et al. 1996 ) that can also affect spike threshold, and hence influence the observed interspecies difference. Would the difference between the species persist for the APs occurring with the equal and much shorter latency, which would also be physiologically more meaningful? To address this issue we measured the threshold of the APs that were generated with a latency of about 8 ms, which is similar to the EPSP-spike latency
reported for the FS interneurons (Fricker and Miles 2000; Maccaferri and Dingledine 2002). Voltage
threshold of the spikes occurred with a latency of about 8 ms was still more negative in monkey than in rat basket cells (Fig. 3 C,D) .
A more delayed first spike in rat basket cells can have a higher AP threshold either due to inactivation of Na + currents or to activation of low-threshold K + currents. We evaluated the second of these possibilities by the application of the Kv1 channel blocker α-dendrotoxin (α-DTX).
α-DTX decreased the first spike latency by 47% (137±86 ms and 72±44 ms, p<0.05, n=5, paired comparison) in rat basket cells, but it did not affect significantly the latency in monkey basket cells.
Also, we found that after blocking Kv1 channels, the threshold of first spikes became more negative in rat (by 16%: -33±3.5 mV before and -39.5±2.5 mV after, n=5, p=0.01), as well as in monkey basket cells (by 13%: -41.5±5 mV and -47±5 mV accordingly, n=4, p<0.05; Fig. 3E ). Similar effects of α-DTX on the spike threshold in the two species might indicate that Kv1 current which contributes to the longer 1 st spike delay in rat basket cells does not seem to be responsible for the observed interspecies difference in AP threshold.
Firing pattern properties
Both rat and monkey basket cells fired without, or with very little, adaptation. Representative examples of the non-adapting firing pattern in monkey and rat basket cells are shown in Fig. 4A . With the highest intensities of stimulation current, the temporal structure of firing was similar in monkey and rat basket cells, but rat cells exhibited quiescent periods at near-threshold levels of stimulating current ( Fig. 4A ) which made their firing more irregular. This irregularity was evaluated by the coefficient of variation of interspike intervals (CV ISI), which was significantly higher in rat basket cells (n=23) than in monkey (n=28) at near-threshold levels of stimulating currents (0-60 pA above threshold) according to the ANOVA test (F=32.5; p<0.001) and Fisher post-hoc test (Fig. 4B) . The same type of analysis was performed exclusively for the population of PV-positive basket cells in both species. Similarly to the combined populations of basket cells, PV-positive basket cells in rat (n=9) have a more irregular firing pattern than those from monkey (n=10) (F=16.3; p<0.001). Posthoc Fisher test revealed differences at the levels of stimulating current of 10-30 and 50 pA (data not shown).
To further compare the excitability of monkey and rat basket cells, we looked at the number of spikes produced in these cells by different stimulating currents. Relative to rats, monkey basket cells generated more spikes at levels of 10-100 pA above firing threshold according to the ANOVA test (F=4.15; p<0.05, n=20) and post-hoc Fisher test (Fig. 4C , Table 2 ). Fewer spikes were associated with the irregular firing in rat basket cells interrupted by quiescent periods. Quiescent periods, and irregularity of firing, were eliminated after the blockade of Kv1 channels by α-DTX (Fig. 4D ).
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Miniature EPSPs of monkey and rat basket cells
Although we showed that blockade of spontaneous synaptic activity did not produce immediate changes in membrane properties (Fig. 2C) , it is known that decreasing the levels of excitatory synaptic input in a long-term fashion can increase the firing response elicited by current injection, reflecting involvement of homeostatic mechanisms (Desai et al. 1999; Turrigiano and Nelson 2000) .
Differential properties of excitatory responses in the two species, if revealed, could provide potential explanatory mechanisms for the observed interspecies differences in membrane properties. Thus, we analyzed the properties of excitatory postsynaptic inputs received by interneurons, which were shown to be cell-type specific (Cossart et al. 2006 ).
To characterize the excitatory inputs to FS basket cells, we recorded mEPSPs, which provide a measure of number and strength of excitatory inputs onto an individual neuron. As shown on the representative sweeps ( Fig 5A) and on the bar graph (Fig. 5B) , the frequency of mEPSPs was considerably higher in rat than in monkey basket cells. At the same time, the average mEPSP amplitude was 0.92±0.24 mV in monkey basket cells (n=6) and 0.95±0.19 mV in rat basket cells (n=16). Cumulative histograms of mEPSP amplitude showed that the amplitude distribution in monkey basket cells was similar to that from rat basket cells (Fig. 5C ). The kinetics of events was also comparable in the two species (rise times: monkey 1.9±0.2 ms, rat: 1.8±0.2 ms), although, we observed a tendency towards a longer decay time in monkey EPSPs (12.9±5 ms) than in rats (11.5±3 ms) which can be associated with their longer membrane time constant.
To address the potential mechanism that connects membrane properties and an excitatory drive expressed as a frequency of quantal synaptic inputs, we estimated the correlation between mEPSP frequency and spike threshold in rat basket cells. A significant positive correlation between these two parameters was found (Fig. 5D ), providing evidence for the potential long-term association of synaptic inputs and membrane properties.
To exclude the possibility that differences in mEPSPs frequency can be caused by varying qualities of slices, we also estimated mEPSPs frequency in monkey and rat pyramidal cells. In contrast to basket cells, mEPSP frequency of pyramidal cells was comparable in monkey and rat PFC (Fig. 5E,F) . These results suggest that the differences in mEPSP frequency reported here are cell type-and species-specific.
Interestingly, unlike in FS basket cells, physiological membrane properties of pyramidal cells were very similar in monkey (n=27) and rat (n=21) (Fig. 5G) . Specifically, they did not show any significant difference in input resistance, spike threshold, firing frequency, or first spike latency.
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Discussion
The results of this study revealed important differences between monkeys and rats in the intrinsic physiological characteristics of PFC basket cells. In contrast to rat basket cells, monkey basket cells were more excitable as indicated by their lower spike threshold, higher input resistance and the number of spikes they could generate at near-threshold current intensities. Furthermore, basket cells in monkeys produced a less-delayed first spike at near-threshold currents than those in rats. On the contrary, the morphological characteristics of basket cells were very similar in both species. Our findings suggest that interspecies differences in FS basket cells can be detected at the level of intrinsic cellular properties, and provide some insights into the different spiking behavior of FS units during working memory tasks in monkey and rat (Constantinidis and Goldman-Rakic 2002; Jung et al. 1998; Wilson et al. 1994 ).
Differential membrane properties of basket cells from monkey and rat
A number of physiological properties of basket cells were highly comparable across species. The similarities included single spike properties such as spike amplitude, spike decay time, and the AHP amplitude, as well as firing pattern properties, such as high firing frequency and lack of frequency adaptation. Still, some critical electrophysiological properties differed significantly between monkey and rat basket cells.
Monkey basket cells were more excitable than those in rats, displaying higher input resistance, lower threshold of action potential, and higher firing frequency. Excitability in general, and input resistance in particular, are shown to be defined by the density of K + currents, which are mostly leak currents but also inward rectifier (Gorelova et al. 2002; Nichols and Lopatin 1997; Rudy 1988) . We showed that AP threshold was more negative in monkey basket cells than in rat for spikes occurred at different latencies. More negative spike thresholds can be associated with the differential expression of voltage-gated channels that are open at the near-threshold level of membrane potential, and can be responsible for the shunting of Na + currents (the only mechanism of an ideal isopotential structure). Thus, association between Kv1 channels and excitability was previously demonstrated (Glazebrook et al. 2002; Guan et al. 2006) . In this study, we showed that Kv1 channel blocker decreased AP threshold in both monkey and rat basket cells. Properties of the inward Na + and lowthreshold T-type Ca2 + currents could also contribute to the observed differences in firing threshold (Yang et al., 1996) . Ih currents are also shown to contribute to neuronal excitability (Pape 1996;  interneurons in the hippocampus of rats. In our study we showed the presence of Ih-currents in monkey FS interneurons, although we could not resolve the differences in expression between the two species. Dissimilarities in AP threshold could also be connected with the differences in input Also, we demonstrated that the first spikes in monkey basket cells were less delayed than in rat basket cells. Mainly, they generated the first spike shortly after stimulation onset. More delayed first spikes in rat basket cells could be associated with the low-threshold outward K + current (Banks et al. 1996) .
Unlike firing in monkey basket cells, the firing pattern in rat PFC basket cells was often interrupted by quiescent periods with the near-threshold current intensities, so the firing pattern appeared irregular or 'stuttering' (Markram et al. 2004 ): with stronger current intensities, irregular firing pattern became typical fast-spiking non-adapting. This feature of FS basket cells was previously reported in rat neocortex (Descalzo et al. 2005; Kawaguchi 1995) . The irregular firing of rat basket cells resulted in fewer spikes at the near-threshold current levels. Mechanisms producing irregular firing in rat basket cells could involve activation of the low-threshold Kv1 channels since we showed that application of Kv1 channel blocker eliminated quiescent periods in their firing pattern (Fig. 4D) . The same effect was also demonstrated in other studies on rat neocortex when DTX blocked 'stuttering' in interneurons (Toledo-Rodriguez et al. 2004 ).
The connectivity pattern of the dendritic tree can determine the firing properties of neurons (Mainen and Sejnowski 1996; van Ooyen et al. 2002) . Quantitative morphological analysis of basket cells from monkeys and rats undertaken in our study did not reveal any significant interspecies differences, and thus could not provide an explanatory mechanism for the observed differences in physiological membrane properties between the species.
The firing activity of neurons is largely driven by the properties of their synaptic inputs (Fuchs et al. 2001; Pouille and Scanziani 2004; Traub et al. 1993) . First, spontaneous synaptic activity can directly affect input resistance, as was previously shown through in vivo studies (Steriade et al. 2001) , and therefore can influence the observed difference between monkey and rat basket cells.
This influence can be executed as a direct shunt of applied current. To test this possibility, we measured input resistance of basket cells before and after application of synaptic blockers. No significant difference was found in either species (Fig. 2C ). However, it should be noted here, that the concentration of Gabazine used in this study is most probably not enough to block tonic GABA current which can also influence input resistance (Semyanov et al. 2003; Stell and Mody 2002) .
Reflected in spontaneous activity excitatory inputs received by neurons are also known to produce long-term homeostatic changes in ion channels, and hence in membrane properties of neurons, as was previously demonstrated (Desai et al. 1999; Pratt and Aizenman 2007; Turrigiano and Nelson 2000) . In this study, we found that the frequency of mEPSPs is much lower in monkey than in rat basket cells. The higher frequency of mEPSPs in rat basket cells can indicate more abundant excitatory synapses impinging onto rat basket cells than onto those in monkeys. Two studies using electron microscopy reported on the number of asymmetric synapses in different types of interneurons. Although they used different methodologies, and therefore do not allow for direct comparison between species, indirectly the studies suggest that the density of excitatory synapses is lower on monkey than on rat basket cells (Gulyas et al. 1999; Melchitzky and Lewis 2003) . Given the positive correlation between the spike threshold and mEPSPs frequency, this finding might represent a homeostatic mechanism by which neurons with more abundant excitatory inputs reduce their excitability to normalize the effects of greater synaptic drive and thereby maintain a constant functional output (Hansel et al. 2001; Marder and Goaillard 2006; Turrigiano and Nelson 2000) .
Importantly, because the properties of dendrites did not differ between the FS basket cells recorded from monkey and rat PFC (Table 1 , Fig. 1 ), it is unlikely that the differences in mEPSP frequency are due to a less well-preserved FS basket cell dendritic tree in slices of monkey PFC.
Notably, frequency of miniature events, as well as their amplitude and kinetics were comparable in pyramidal cells from monkeys and rats. Interestingly, physiological membrane properties of pyramidal cells in the hippocampus were also very similar in monkeys and rats (Altemus et al. 2005 ).
Contribution to species differences in PFC functioning
PV-positive basket cells appear to be responsible for generation of gamma-oscillations in the hippocampus, since interneurons providing perisomatic inhibition were found to fire with gammafrequency discharge rate and to be strongly phase-locked to the different rhythms of network oscillations (Buzsaki and Draguhn 2004; Hajos et al. 2004; Tukker et al. 2007) . 
